Abstract
X-ray diffraction (XRD) is used to verify the morphology of the insoluble phases. This

23
demonstrates that the molecular sheets of the LDH-carbonate are fully dismantled during the 24 polymerization. Porous, network morphology is established for some of the insoluble phase 25 structures using scanning electron microscopy (SEM). This indicates potential suitability of these 26 self-assembled insoluble phase materials as bioscaffolds for artificial cell growth. Nuclear 27 magnetic resonance spectrometry (NMR) was used to determine the ratio of ester to acidic 28 carbonyls in the insoluble phase. Energy dispersive X-ray spectroscopy was also used to determine Similar to PLA, poly(ε-caprolactone) (PCL) and poly(δ-valerolactone) (PVL) are often employed Ring-opening polymerization (ROP) has been proposed as the main mechanism by which a 57 monomer can be ring-opened at the cation of an LDH sheet, and can then propagate to form a 58 polymer chain anchored on this LDH sheet, McCarthy et al. (2013) . Generally, ROP may occur 59 by either cationic, anionic or coordination-insertion routes Kricheldorf (2001) . In addition to ROP 60 at the LDH sheet, a combination of polycondensation of ring-opened monomers and ROP by free 61 ions in the polymer bulk may also occur. sensitive to moisture, it is essential to avoid their re-adsorption of water. Thus, when they were not 87 being used immediately, they were both stored over a desiccant. L,D-lactide was sublimed 88 immediately prior to reaction to remove moisture.
89
Sample Preparation
90
A schematic of the specimen preparation process is given in Figure 1 . This comprised the 91 polymerisation of a mixture of monomer(s) plus LDH followed by dissolution of the product in mixture was put into a 100 ml glass bottle, followed by intense mixing using a mechanical mixer The LDH-carbonate initiator comprised 5% by mass of each overall reaction mixture, while the 
Characterisation Methods
132
The samples used for characterization studies were desiccated and finely powdered.
133
Thermogravimetric analysis (TGA) was performed using a Perkin-Elmer/Seiko machine under a 134 nitrogen atmosphere avoiding further oxidations. Isothermal thermogravimetry was performed by 135 heating the well-mixed primary product after polymerization at 150 °C for 6 h with an initial 136 heating rate of 20 K/min. Note that these isothermal TG measurements were unable to remove the 137 δ-valerolactone and ε-caprolactone monomers, which both have higher boiling points (ε- temperature-ramp to 600 °C at a heating rate of 10 K/min. An Al pan was used to hold samples.
145
The typical sample masses for both procedures were 19 mg and 16 mg, respectively. The mass 146 loss was measured in a N2 atmosphere, with N2 flowing at 100 ml/min to minimize the extent of 147 any oxidation. The temperature, time and mass loss for each specimen were.
148
Scanning electron microscopy (SEM) was performed using a Philips XL30 FEGSEM. Prior to the 149 SEM imaging, the samples were sputter-coated with Pt using a sputter-coater (Gatan Inc.) for 3 The X-ray Diffraction (XRD) spectra were obtained on a Bruker D8-Advance spectrometer using
153
Kα radiation (λ = 0.154 nm) over a 2θ range of 2-70 ° with a scan rate of 0.50 °/min. The 154 uncertainty of the measurement was ±0.01 °. Prior to the test, the samples were ground to powder.
155
FTIR was used to obtain the FTIR absorption spectra using a Nicolet 5700 FTIR spectrometer. For 156 each sample, 32 scans were employed over a wavenumber range 400 cm -1 -4000 cm -1 . Table 1 .
206
The key observation here is that the polymerisation of either ε-caprolactone or δ-valerolactone in a three-dimensional network, and the thickness of each pore wall is approximately 30-60 nm.
225
The highly hierarchical and heterogeneous structure of the material is also clearly visible. Two there is an absence of the distinctive network morphology evident for PLDLA-INSOL in Fig. 7c . 
256
The spectra of PCL-INSOL and PVL-INSOL ( Fig. 9c and 8d) different monomer combinations are shown in Fig. 11 and Fig. 12 . The FTIR spectrum for L,D-287 lactide ( Fig. 11(a) 
303
The FTIR spectra of the co-monomer scaffolds, are quite similar to the PLDLA-INSOL spectrum.
304
In particular, bimodal peaks around 1600 cm -1 are seen in spectra for LC 1:2 (Fig.11(c) ) and LV 305 1:1 (Fig. 12(d) ). It is notable that the dominant peak for LC 2:1 (Fig. 11(e) ) is 1637 cm -1 with a
306
'shoulder' peak at 1593 cm -1 , whereas the latter peak is dominant for both LC 1:2-INSOL and LC crystallinity of a lactone polymer).
314
The main conclusion from these results is a) the complete dissimilarity of spectra for insoluble respectively.
325
In Fig. 13 (1) (and Fig. 14(1) ), the NMR spectrum for the LDH-carbonate initiator is shown.
326
Clearly, the majority of its characteristic peaks cannot be observed in the spectra of any of the 327 insoluble moieties. However, the LDH spectrum has one peak (169.5 ppm) very close to a peak of carbonate groups in both species. Nevertheless, the lack of all the other intrinsic LDH peaks in the
330
INSOL spectra, clearly demonstrates that the characteristic layered structure of the LDH has been 331 dismantled to beneath detectable limits during the polymerizations.
332
In Figs. 13(2), (and Fig. 14(2) ), the reference spectrum for magnesium lactate is shown, while in be observed at 180.9 and 183.6 ppm ( Fig. 13(2) ) while ester peaks at 180.9 and 182.9 ppm also
337
show the presence of a magnesium polylactone ester in addition to polymer moieties (e.g., an acid 338 carbonyl at 177 ppm). In the LC series ( Fig. 13(4) - (6) calculating the peak integrals of the carbonyl groups of the polymer (acid carbonyls) and ester 345 moieties (ester carbonyls), respectively, as shown in Table 2 .
346
This data indicates that no clear relationship exists between the initial monomer ratio and ultimate 347 ester carbonyl yield in the insoluble phase. This would suggest that the ester carbonyl yield is 348 driven by another factor, namely the number of Mg cations available to form ester moieties, which 349 is primarily driven by the ratio of available LDH to monomer(s) in the reaction mixture. Overall, these NMR spectra demonstrate the formation of salt moieties in the insoluble phases, the 362 concurrent disassembly of LDH-carbonate initiator, and the ratio of ester to acidic carbonyl groups 363 in these phases, which can be used to calculate the proportion of ester species in each insoluble 364 phase. They fundamentally show the initiating activity of the LDH and its consumption to form a 365 chemically different insoluble species during the polymerisation process. 
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368
To complement the NMR analysis in Table 2 , elemental analysis of the LDH-carbonate and the 369 insoluble phases was conducted to determine the magnesium and aluminium content in the two 370 polymer phases and to establish whether there was a fixed ratio of cations to ester groups in the 371 insoluble phases which would indicate the mechanism of insoluble phase ester formation. The
372
EDAX spectra are given in Figure 15 , while 
